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INTRODUCTION
Groundnut (Arachis hypogaea L.) is one of the most important annual legumes. It is important source of edible oil (50%) and third most important source of vegetable protein (25 -30%) grown on 26.4 million ha worldwide with a total production of 37.1 million metric tonne and an average productivity of 1.4 metric t/ha (Kalamkar et al., 2006) . The major groundnut producing countries in the world are India, China, Nigeria, Senegal, Sudan, Burma and the United States of America. However, in West Bengal, is low which could be attributed to cultivation of oilseed crops is mostly done on marginal lands, which are lacking in irrigation and low levels of inputs used there. Moreover, severe mineral nutrient deficiencies due to imbalanced fertilizers are one of the major factors responsible for low yield. (Kabir et al., 2013) . Besides, groundnut is an exhaustive crop compared to other legumes because a very little portion of the plant residue is left in the soil after harvest (Varade and Urkude, 1982) . Soil applied Fertilizers are subjected to different losses like, leaching losses of nitrogenous fertilizers, fixation and unavailability of phosphatic fertilizers. Therefore, the use efficiency of applied fertilizers is low and soil application of nutrients may not produce desirable yields. Under these circumstances foliar application seems to be promising for ensuring use efficiency of applied nutrients. The purpose of foliar feeding is not to replace soil fertilization, but rather to supplement plant nutrient needs during short and/or critical growth stages. Foliar feeding of a nutrient might have actually promoted root absorption of the same nutrient or other nutrients through improving root growth and increasing nutrients uptake (El-Fouly and El-Sayed, 1997) . Even vermi-compost wash, if sprayed at optimum concentrations could give higher yield and yield contributing characters (Hiradeve et al., 2011) . Not all fertilizers are suitable for use in foliar applications. Fertilizers should meet the standard of high solubility and high purity. During the last decades, foliar feeding of nutri-ISSN : 0974-9411 (Print), 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.ansfoundation.org 8 (1) : 245 -250 (2016) Received: June 6, 2015; Revised received: September 30, 2015; Accepted: February 20, 2016 ents has become an established procedure in crop production to increase yield and improve the quality of crop products (Roemheld and El-Fouly, 1999) . In view of the above fact it was considered worthwhile to undertake the investigation in order to evaluate the vertical expansion (productivity enhancement) of groundnut through supplementation of water-soluble foliar grade fertilizers with soil application at 5% level of significance to sustain the groundnut yield.
MATERIALS AND METHODS
Study Area: The experiment was undertaken at District Seed Farm (DSF), Kalyani under Bidhan Chandra Krishi Viswavidyalaya, Nadia, West Bengal during summer season of 2012 and 2013. The farm is situated at 23.5 N latitude and 89.0 E longitude with an average altitude of 9.75m above mean sea level. The initial field soil characteristics were, viz. pH (7.1) and organic carbon (0.49%) were analyzed following the analytical procedure of Jackson (1973) . The design of the experiment was in randomized block design (RBD) with twelve (12) treatments and replicated three times. Each plot of the experimental field was of area 15m 2 (3m x 5m), with a spacing of 30cm row to row and 10cm plant to plant during both the years. The details of the treatments were: T 1 = Absolute control (No FYM, no RDNPK and no foliar application of water soluble grade fertilizer),T 2 = FYM 7.5 t/ ha + 100 % Recommended dose of fertilizer (RDNPK) (20:60:40), T 3 = Foliar application of starter dose of water soluble grade fertilizer (11:36:24 + trace elements (borax 2%)@2% at 30 DAE+ Foliar application of booster dose of water soluble grade fertilizer (8:16:39+ trace element (borax 2%) @2% at 45 DAE and 60 DAE, T 4 = Foliar application of starter dose of water soluble grade fertilizer [(17:44:0 +SOP (17:50) ] @5g of each /lit of water 30 DAE+ Foliar application of booster dose of water soluble grade fertilizer [(8:22:0+SOP (17:50) ] 5g each at 45 DAE and 60 DAE (2.5g each of per liter), T 5 = FYM 7.5 t/ha + 100 % Recommended dose of fertilizer (RDNPK) (20:60:40) + T 3 , T 6 = FYM 7.5 t/ha + 100 % Recom- -1 ) at 15 days interval from 30 days after crop emergence. The yield attributes observed were, number of pods per plant, shelling percentage, 100 kernel weight (g). And the yield parameters recorded were pod yield (kg ha -1 ), haulm yield (kg ha -1 ) and harvesting index (%). Statistical analysis: Statistical analysis of data relating to growth, yield parameters and yield data was carried out by using MSTAT following analysis of variance method (Gomez and Gomez, 1984) . For comparison of 'F' values and computation of critical difference (CD) at 5% level of significance, Fisher and Yates' tables were consulted. Correlation analysis was done to represent the degree of association between pod yields of groundnut with different plant attributes. Multiple stepwise linear regression analysis between pod yields with different plant characters was carried out in order to identify the most contributing factor.
RESULTS AND DISCUSSION
Growth attributing characteristics: During the present study plant height increased with increase in age of the crop towards maturity. Application of liquid grade fertilizer at early stage up to 45 DAE did not influence the plant height significantly. Significant (P ≤ 0.05) variation of plant height was observed due to application of water soluble liquid grade fertilizer at 60 and 75 DAE ( Table 1 ). The maximum plant height was recorded with the treatment T 6 received 100% RDF + 7.5t ha -1 of FYM + T 4. At harvest plant height did not vary significantly. From the table 1, it was revealed that at early growth stage dry matter production gradually increased with increasing the age of the crop but did not vary significantly due to treatments effect. But at later part of the crop growth at 60 and 75 DAE dry matter production varied significantly (P ≤ 0.05) and highest dry matter production was found in the treatment T 2 at 60 and 75 DAE and at harvest it was T 6 . So, foliar application of water soluble fertilizer showed positive response in increasing the dry matter accumulation at later stage. This might be due to the fact that foliar applications Note: ** means significant at 1% level; * means significant at 5% level. Note: ** means significant at 1% level ; * means significant at 5% level. could stimulate more vigorous re-growth, thereby increasing the yield potential. Similar observation was also reported by Patil et al. (1999) that dry matter accumulation was significantly (P ≤ 0.05) increased due to foliar spray of 5 -30% methanol spray. And Sarkar et al. (1999) recorded greatest plant height, maximum dry matter production as well as growth rate when leaves of groundnut were sprayed with 0.25% KNO 3 + 0.203% Ca(NO 3 ) 2 . Foliar application of water soluble fertilizer along with or without organic fertilizer application to groundnut did not show the significant variation of crop growth rate at all the growth stages of the crop. From the table 1, it was found that the crop growth rate was faster at early part of the crop age and gradually slows at later part towards maturity. The reason behind could be greater and faster absorption of water soluble fertilizer at early stage than later stage of the crop. These observations were in support to that reported by Amandeep et al. (2004) which stated that, foliar application of mepiquat chloride during flowering and vegetative stages of groundnut, improved the number of branches and leaf area indices, while spraying during the podding stage did not significantly affect the parameters. Similarly, Veerabhadrappa et al. (2005) observed that after the soil and foliar application of three graded levels of fertilizers at three crop stages (30, 45 and 60 days of sowing), the concentrations of nutrients in plant parts were recorded higher at 30 DAS than at later stages. Number of nodules and nodule dry weight per plant increased with increasing the age of the crop and was found maximum up to at 60 DAE. Application of organic and inorganic fertilizers along with water soluble fertilizer had the positive response to increase the nodule numbers. At all the growth stages nodule numbers increased with fertilizer application both liquid and solid grade but they were not varied significantly (P ≤ 0.05) among each other. This might be due to the application of nitrogen fertilizer tended to depress the formation of root nodules. Namo and Dowyaro, (2009) opined alike stating in their report that the number of root nodules and total dry matter increased with crop age across variety rate and time of N-application in rainfed groundnut. Vanilarasu and Balakrishnamurthy, (2014) reported that the increase in available nitrogen may also due to application of FYM which converts organically bound N to inorganic form during mineralization resulting in higher available nitrogen of soil and higher number of nodule formation. Yield attributing characteristics: All the yield attributing characters increased significantly (P ≤ 0.05) due to application of foliar grade water soluble fertilizer.
Number of pods per plant increased with increasing level of fertilizer. The highest number of pods per plant was recorded with the treatment T 6 (20.89). From the table 3, it was found that the foliar application of water soluble fertilizer along with RDF 85% had the significant influence to increase the number of pods per plant. Similar observation was also reported by Patra et al. (1995) . He conducted a trial on groundnut varieties to investigate foliar application of 0.5% KNO 3 , 0.5% Ca (NO 3 ) 2 or 2% urea (at 50% flowering and again 20 days later). It resulted in an increase in growth rate, pods/plant as well as 100 kernel weight. Shelling percentage and hundred kernel weight of groundnut did not differ significantly due to application of foliar grade water soluble fertilizer along with or without 100%, 85 % or 60% of RDF. The data presented in table 3 revealed that pod yield increased with increasing level of fertilizer application to groundnut. Foliar grade water soluble fertilizers application to groundnut had the positive response to increase the pod yield either alone or in combined with recommended fertilizer dose. The data presented in table 3 revealed that pod yield increased with the application of liquid grade fertilizer along with soil application of inorganic fertilizer to groundnut. From the table 3, it was observed that the liquid grade fertilizer either starter dose or booster dose or in both had positive response to increase the groundnut pod yield up to 4 -6 % over RDF only. The crop was equally responsive to increase the pod yield, when RDF was reduced by 15% (85% of RDF) along with foliar application of liquid grade fertilizer. This might be due to groundnut being a legume crop at initial stage, soil application of nitrogenous fertilizer requirement is less (only 20-40% nitrogen was taken from soil) and in addition at later stage due to supplementation of water soluble foliar grade fertilizer could improve the nutrient utilization and lower environmental pollution through reducing the amounts of fertilizers added to soil as a result the yield was high. But further reduction in the level of inorganic fertilizer (upto 60 % of RDF) did not prove beneficial to groundnut. The foliar application of water soluble fertilizer was not substitute like soil application of inorganic (solid grade) fertilizer but supplementation had the positive response to increase the pod yield. The application of 80 kg ha -1 nitrogen along with zinc foliar application enhanced the seed yield to 3742 kg ha -1 (Pendashtek et al., 2011) . This might be due to foliar application of nutrients, which normally reduces the loss through absorption, leaching and other processes associated with soil application and its application prompt correction of nutrient deficiencies. Similar finding was also reported Balerao et al. (1994) where he stated that mean dry pod yield was increased by 5.6 -20% by foliar applications including individual or combined trace elements, urea, phosphorus and plant growth regulators (tricontanol).
Harvesting index did not vary significantly (P ≤ 0.05) due to application of water soluble foliar grade fertilizer with or without applied fertilizer in soil. From the table 3, it was found that the gross return decreased with decrease of RDF but gross return increased, when water soluble foliar grade inorganic fertilizer was supplemented with RDF irrespective of their doses. The highest gross return (`150399) was recorded in T 6 . The highest net return: cost was recorded in the treatment T 9 (2.70). Correlation and regression analysis: Tables 4, 4a and 4b represents the degree of association between pod yield of groundnut with different plant attributes (dry matter content, nodule per plant, number of pods per plant, pod dry weight per plant, shelling percentage, hundred kernel weight and harvest index) during two individual year (2012 and 2013) as well as pooled over the two. The tables clearly envisage the fact that pod yield of groundnut has a strong positive relationship with different plant attributes taken under consideration. The range of association varies from 50.0% (with nodule per plant) to almost cent percent with dry matter content indicating a heavy level of influence over the pod yield. The results obtained from correlation analysis were 0.995, 0.997 for dry matter of year 2012 and 2013 respectively with pod yield of the crop. Pooled data over two years (0.997) has also registered similar phenomenon with different plant characteristics. This relationship was highly significant at 1% probability level. Multiple stepwise linear regressions between pod yields with different plant characters have been performed in order to identify the most contributing factor. Among all the factors, dry matter content has been contributed the bulk regarding pod yield followed by harvesting index of the crop and pod dry weight per plant in both the year. However, the parity of the factor breaks, when two years are taken together as the pooled data has registered two different contributing factors such as hundred kernel weight and shelling percentage. Overall, the study concludes that dry matter content of plant is solely responsible over the yield gaining in groundnut over the years (Table 4c) .
Conclusion
From the above experiment, it could be concluded that the application of inorganic fertilizers can be reduced upto 15% when foliar grade water soluble fertilizer either 11:36:24 and 8:16:39 @ 2% or 17:44:0 + Sulphate of Potash (17:50) and 8:22:0 + SOP (17:50) @ 5g of each/lit of water was supplemented at 30 DAE as a starter dose and at 45 DAE and 60 DAE as booster dose respectively to achieve optimum yield as well as highest benefit: cost ratio. Thus, it was concluded that the practice of foliar nutrition when used as a supplement and not a substitute for standard soil fertilization, was beneficial for summer groundnut.
